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Abstract  
BACKGROUND: On 15th of June 2020, Ethiopia had 3,521 COVID-19 total cases, 60 total deaths (1.7%), 620 
total recoveries (17.6%), and 176 new cases. And, only 1,629 total tests were done per 1,000,000 populations. This 
study aimed to predict COVID-19 new cases and new deaths based on May/June data in Ethiopia using regression 
models. METHODS: In this study, correlation coefficient analysis and regression models were used for COVID-
19 new cases and new deaths data analysis based on the available data from 12th May to 10th June 2020 in Ethiopia.  
RESULTS: Both COVID-19 new cases and new deaths have correlated significantly with different COVID-19 
related variables. In models comparison, the simple linear regression model was fitted better than quadratic and 
cubic regression models for both new cases and new deaths data. In the multiple linear regression model, new 
cases were predicted significantly by the number of days, daily laboratory tests, and Addis Ababa city new cases. 
And also, new deaths were predicted significantly by the number of days and new recoveries in the 
model.CONCLUSIONS: COVID-19 new case was predicted significantly by the number of days, daily laboratory 
tests and Addis Ababa city cases, and new deaths also predicted significantly by the number of days and new 
recoveries. The researcher recommended that government of Ethiopia, ministry of health, and regional 
governments should give more awareness and protections for societies, and they should open more laboratory 
testing centers. The researcher also recommended that time series models will be included for furthers. 
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INTRODUCTION 
Background of the Study  
Coronavirus disease (COVID-19) was first identified on 31 December 2019 in the city of Wuhan, China. Some of 
the common signs of COVID-19 include fever, shortness of breath, and dry coughs. Other uncommon symptoms 
include muscle pain, mild diarrhea, abdominal pain, sputum production, loss of smell, and sore throat. On 11 
March 2020, the WHO announced that it was a global pandemic (Hu et al. 2020; Tao et al. 2020; Wang et al. 2020; 
WHO 2020; WHO et al. 2020).  
On 15th of June 2020, as the Worldometer coronavirus updates information reported that we had 8,028,253 
total COVID-19 cases, 436,276 total deaths with a 5.4% fatality rate, and 4,148,128 total recovered with 51.7% 
recovered rate as globally. Africa region had 244,578 total cases and 6,490 total deaths. And, Ethiopia had 3,521 
COVID-19 total cases, 60 total deaths (1.7%), 620 total recoveries (17.6%) and 176 new cases as the Worldometer 
coronavirus updates information shown (Worldometer 2020).  
This report also showed that Ethiopia was listed in 27th place by the capacity of COVID-19 laboratory tests. 
And, only 1,629 total tests were done per 1,000,000 populations. This is bad news for Ethiopia. Currently, the 
Ethiopian population is near 115 million. This is the fact that Ethiopia has a very low proportion of COVID-19 
laboratory tests compared with other countries' tests. This report indicated that Ethiopia needs increasing efforts 
and strategies to increase daily laboratory tests. And, this may indicate that Ethiopia will be one of the top 5 
infected countries from the African region for the next few months. Thus, this study aimed to predict COVID-19 
new cases and new deaths based on May/June data in Ethiopia using regression models.  
 
Literature Reviews  
Different studies from Indian, Algeria, Kenya and Philippine showed that there was a significant correlation 
between daily deaths and COVID-19 new cases, between daily deaths and dates, between daily deaths and number 
of daily recoveries, between dates and COVID-19 new cases, between number of laboratory tests with COVID-19 
cumulative infected cases and cumulative deaths And, there was a strong correlation between weeks 5 and 6 death 
counts with total cases, active cases, recoveries, and week 4 death counts. Despite this, the week 4 variables (total 
cases, active cases, and recoveries) were not significantly predicted by weeks 5 and 6 deaths count. However, the 
week 4 death counts significantly predicted the week 5 death count. And, there was a correlation between COVID-
19 new cases and contact persons with confirmed status as well as the number of flights from foreign countries to 
Kenya (Anwar et al. 2020; Ghosal et al. 2020; Odhiambo et al. 2020; Montalban et al. 2020; Tadle et al. 2020; 
Yonar 2020). 
And, similar studies from Indian found that the simple linear regression model was best to analyze the number 
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of deaths as a function of the number of confirmed cases. In the model, the coefficient of determination was 0.997, 
which implies a strong linear correlation between confirmed and dead cases. Whereas, the quadratic model was 
the best fitting model for Region II from April 6th to May 2nd. And, another study from Kenya used the univariate 
analysis of the generalized linear model showed that contact persons in Kenya had 0.265 effects on COVID-19 cases 
in Kenya. In the multivariate analysis, the contact persons and flights to Kenya had 0.278 and 3,309 effects on 
COVID-19 cases in Kenya, respectively. And, the COVID-19 new cases were projected to 83,418 new cases if the 
COVID-19 days increased by 235 using the compound Poisson regression model (Chauhan et al. 2020; Odhiambo 
et al. 2020; Pasayat et al. 2020;  Sharma and Nigam 2020).  
 
MATERIALS AND METHODS  
Data 
The COVID-19 cases data was collected from the Ethiopia Ministry of Health Facebook and telegram pages 
(https://www.facebook.com/EthiopiaFMoH,  
& https://t.me/MinistryOfHealthEthiopia). On 14 of March 2020, COVID-19 first case was confirmed in Ethiopia. 
The available data was considered from 12th of May to the 10th of June 2020.  
 
Correlation Coefficient 
Pearson’s correlation coefficient is denoted as r for a sample statistic. For a correlation between variables x and y, 
the formula for calculating the sample Pearson’s correlation coefficient is given below (M.M Mukaka 2012).  
𝐫 =





𝐢 𝟏 ][∑ (𝐘𝐢 𝐘)
𝟐𝐧
𝐢 𝟏 ]
                                       [𝟏]         
Where: X  and Y  are values for variables X and Y for the i  individual, respectively. And, X and Y are means of 
the two variables.  
 
Regression Models 
Regression analysis is a statistical technique for investigating and modeling the relationship between variables. 
The regression model has many variants such as linear regression, polynomial regression, and other regressions 
(Douglas et al. 2012).  
 
Linear Regression Models 
The fitted simple linear regression model equation is written as follow: 
𝐘 = 𝐛𝟎 + 𝐛𝟏𝐗𝟏                                                             [𝟐]  
Where: Y an estimated COVID-19 new cases. And X1 is an independent variable with its corresponding estimated 
coefficients (b1). And, b0 is the intercept coefficient in the model.  
The fitted multiple linear regression model equation is given as follow: 
𝐘 = 𝐛𝟎 + 𝐛𝟏𝐗𝟏 + 𝐛𝟐𝐗𝟐 + 𝐛𝟑𝐗𝟑                              [𝟑] 
Where: Y  is the estimated COVID-19 new cases. And X1, X2, and X3 are independent variables with their 
corresponding estimated coefficients (b1, b2, and b3). And, b0  is the intercept coefficient in the model.  
 
Polynomial Regression Models 
Polynomials are widely used in situations where the response is curvilinear, as even complex nonlinear 
relationships can be adequately modeled (Douglas et al. 2012). The estimated quadratic regression model or a 
second-order model in one variable is given as follow: 
𝐘 = 𝐛𝟎 + 𝐛𝟏𝐗 + 𝐛𝟐𝐗
𝟐                                               [𝟒]   
Where β1 is the linear effect parameter and β2 the quadratic effect parameter. The parameter β0 is the mean of Y 
when X= 0 if the range of the data includes X= 0. Otherwise β0 has no physical interpretation. 
In general, the kth-order polynomial model in one variable is 
𝐘 = 𝐛𝟎 + 𝐛𝟏𝐗 + 𝐛𝟐𝐗
𝟐 + … + 𝐛𝐤𝐗
𝐤 + 𝛜                [𝟓]   
Let X = X , j = 1,2, … , k, then Equation (5) becomes a multiple linear regression model in the k-regressors X1, 
X2, …, Xk. Thus, a polynomial model of order k may be fitted using the ordinary least-squares (OLS) estimates.  
 
RESULTS 
Correlation Coefficient Analysis 
As shown in Table 1, The correlation coefficient analysis showed that the COVID-19 new cases have correlated 
positively and significantly with the number of days, daily laboratory tests, new cases of males, new cases of 
females, new cases from AA city, new cases from foreign natives, new cases with unknown contact and travel 
histories, and new cases with contact with infected persons. And also, new deaths of COVID-19 have correlated 
positively and significantly with the number of days, COVID-19 new cases, daily laboratory tests, new cases from 
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AA city, new recoveries, new cases of males, and new cases of females and maximum age of new cases. However, 
it was correlated significantly but negatively with the minimum age of new cases.  
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Models Comparison and Estimated Regression Models 
The model with the highest F-value, the smallest MSE value, and the highest R square value was better fit the data. 
Thus, the simple linear regression model was improved than the quadratic and cubic models as shown. And, 
COVID-19 new case was significantly predicted by the number of days, daily laboratory tests, and Addis Ababa 
city new cases. As shown in Table 2 and Figures 1-3, the estimated simple linear regression models for new cases 
of COVID-19 were written below. 
𝐍𝐞𝐰 𝐂𝐚𝐬𝐞𝐬 = −𝟑𝟕𝟖. 𝟐 + 𝟓. 𝟖𝟓𝟏 ∗ 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐭𝐡𝐞 𝐝𝐚𝐲. This implied that the new cases will be increased to 
585 after 100 days.  
𝐍𝐞𝐰 𝐂𝐚𝐬𝐞𝐬 = −𝟔𝟏 + 𝟎. 𝟎𝟑𝟒 ∗ 𝐝𝐚𝐢𝐥𝐲 𝐥𝐚𝐛𝐨𝐫𝐚𝐭𝐨𝐫𝐲 𝐭𝐞𝐬𝐭𝐬. This indicated that the new cases will be raised to 3,400 
if 100,000 laboratory tests are conducted daily.  
𝐍𝐞𝐰 𝐂𝐚𝐬𝐞𝐬 = 𝟏𝟎. 𝟖 + 𝟏. 𝟐 ∗  𝐀𝐝𝐝𝐢𝐬 𝐀𝐛𝐚𝐛𝐚 𝐜𝐢𝐭𝐲 𝐧𝐞𝐰 𝐜𝐚𝐬𝐞𝐬. This suggested that the country new cases will be 
highly increased to 12,000 if 10,000 new cases are recorded in Addis Ababa city.  
And, new death of COVID-19 was significantly predicted by the number of days, new cases, and new recovery. 
As shown in Table 3 and Figures 4-6, the estimated simple linear regression models for new deaths of COVID-19 
were written below. 
𝐍𝐞𝐰 𝐃𝐞𝐚𝐭𝐡𝐬 = −𝟖. 𝟔 + 𝟎. 𝟏𝟐 ∗ 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐝𝐚𝐲𝐬. This showed that the new deaths will be increased to 12 after 
100 days.  
𝐍𝐞𝐰 𝐃𝐞𝐚𝐭𝐡𝐬 = 𝟎. 𝟎𝟏𝟔 ∗ 𝐍𝐞𝐰 𝐂𝐚𝐬𝐞𝐬. This indicated that the new deaths will be raised to 16 if 1,000 new cases 
are recorded.  
𝐍𝐞𝐰 𝐂𝐚𝐬𝐞𝐬 = 𝟎. 𝟏 ∗ 𝐧𝐞𝐰 𝐫𝐞𝐜𝐨𝐯𝐞𝐫𝐲. This implied that the new deaths will be increased to 100 if 1,000 patients 
recovered from the virus.   
Table 2: Regression models summaries and parameter estimates to predict COVID-19 new cases. 
Inde’pt 
Variable 
Model R2 F MSE Sig. Constant b1 b2 b3 
Day Linear 0.81 120.7 637.4 0.000 -378.2 (0.000) 5.851 (0.000)     
Quadratic 0.82 59.8 646.3 0.000 -55.7(0.894) -2.577(0.813) 0.054(0.440)   




Linear 0.41 19.5 1993.
3 
0.000 -61.0(0.000)  0.034(0.000)     
Quadratic 0.43 10.4 1983.
8 
0.000 37.0(0.707) -0.017(0.722) 0   
Cubic 0.46 7.5 1952.
2 





Linear 0.93 382.6 230.8 0.000 10.8 (0.000) 1.2 (0.000)   
Quadratic 0.93 187.4 235.9 0.000 9.1(0.090) 1.3 (0.000) -0.001(0.533)  
Cubic 0.93 122.3 241.2 0.000 7.02 (0.262) 1.6(0.006) -0.007(0.469) 0 
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Estimated Multiple Linear Regression Models for COVID-19 new cases 
As shown the R-software output in Figure 7, COVID-19 new cases were predicted significantly by Addis Ababa 
city new cases, the number of days, and daily laboratory tests in the multiple linear regression models. The R2=96% 
of the variation in COVID-19 new cases was explained by the predictors. In the hypothesis test (F-statistic=205.1 
with DF=3 & 26, p-value=0.000), there was enough evidence to reject the null hypothesis that all the model’s 
coefficients are 0. The residual standard error = 12.16 showed how far the observed total COVID-19 new cases 
(Y-values) from the predicted COVID-19 new cases Y. 
And the estimated model was written as 𝐂𝐎𝐕𝐈𝐃 − 𝟏𝟗 𝐍𝐞𝐰 𝐂𝐚𝐬𝐞𝐬 =  −𝟗𝟗. 𝟏 + 𝟏. 𝟑𝟓𝟐 ∗ 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐝𝐚𝐲𝐬 +
𝟎. 𝟎𝟎𝟓𝟎𝟑 ∗ 𝐝𝐚𝐢𝐥𝐲 𝐥𝐚𝐛𝐨𝐫𝐚𝐭𝐨𝐫𝐲 𝐭𝐞𝐬𝐭𝐬 + 𝟎. 𝟖𝟖𝟎𝟗𝟔 ∗ 𝐧𝐞𝐰 𝐜𝐚𝐬𝐞𝐬 𝐟𝐫𝐨𝐦 𝐀𝐀 𝐜𝐢𝐭𝐲. 
Thus, COVID-19 new cases will be increased to 135 new cases when the number of days increases by 100 days 
while holding other variables constant. And, the COVID-19 new cases will be increased to 503 when the daily 
laboratory tests rise by 100,000 tests. Similarly, the COVID-19 new cases will be increased to 881 when Addis 
Ababa city new cases increase by 10,000 cases. 
 
Figure 7: Multiple linear regression model for estimating the parameter to predict New Cases.  
 
Estimated Multiple Linear Regression Model for New Deaths 
As shown in Figure 8, new deaths of COVID-19 were predicted significantly by new recoveries, and the number 
of days in the multiple linear regression models. The R2=62.4% of the variation in new deaths was explained by 
the predictors. In the hypothesis test (F-statistic=22.4 with DF=2 & 27, p-value=0.000), there was enough evidence 
to reject the null hypothesis that all the model’s coefficients are 0. The residual standard error = 1.07 shows how 
far the observed new deaths (Y-values) from the predicted new deaths Y.And, the estimated model was given 
as 𝐍𝐞𝐰 𝐃𝐞𝐚𝐭𝐡𝐬 = −𝟒. 𝟐𝟐 + 𝟎. 𝟎𝟓𝟕 ∗ 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐝𝐚𝐲𝐬 + 𝟎. 𝟎𝟕𝟖𝟗 ∗ 𝐧𝐞𝐰 𝐫𝐞𝐜𝐨𝐯𝐞𝐫𝐢𝐞𝐬. 
This provides that new deaths of COVID-19 will be increased to 79 deaths when the new recoveries rise by 1,000 
recoveries with holding other variables constant. And, the new deaths will be increased by 6 deaths when the 
number of days increases by 100 days. 
 
Figure 8: Multiple linear regression model for estimating the parameter to predict new deaths. 
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In this study, the correlation coefficient analysis showed that COVID-19 new cases have correlated significantly 
and positively with the number of days, daily laboratory tests, new recoveries, males new cases, females new 
cases, Addis Ababa city new cases, new cases from foreign natives, new cases had unknown contact and travel 
histories, and new cases had contacts with infected persons. And, new deaths of COVID-19 have correlated 
significantly and positively with the number of days, COVID-19 new cases, daily laboratory tests, Addis Ababa 
city new cases, new recoveries, males’ new cases, females’ new cases, and the maximum age of new cases. But, 
it was correlated significantly and negatively with the minimum age of new cases.  
This study correlation analysis findings are agreed with different studies from Indian, Algeria, Kenya and 
Philippine showed that there was a significant correlation between daily deaths and COVID-19 new cases, between 
daily deaths and dates, between daily deaths and number of daily recoveries, between dates and COVID-19 new 
cases, between number of laboratory tests with COVID-19 cumulative infected cases and cumulative deaths And, 
there was a strong correlation between weeks 5 and 6 death counts with total cases, active cases, recoveries, and 
week 4 death counts. Despite this, the week 4 variables (total cases, active cases, and recoveries) were not 
significantly predicted by weeks 5 and 6 deaths count. However, the week 4 death counts significantly predicted 
the week 5 death count. And, there was a correlation between COVID-19 new cases and contact persons with 
confirmed status as well as the number of flights from foreign countries to Kenya (Anwar et al. 2020; Ghosal et al. 
2020; Odhiambo et al. 2020; Montalban et al. 2020; Tadle et al. 2020; Yonar 2020). 
In this study, the simple linear regression model was a better fit for the data of COVID-19 new cases and new 
deaths than quadratic and cubic regression models. In this fitted model, COVID-19 new cases were significantly 
predicted by the number of days, daily laboratory tests, and new cases from Addis Ababa city. And, new deaths 
were significantly predicted by the number of days, new cases, and new recovered. In the multiple linear regression 
models, COVID-19 new cases were predicted significantly by the number of days, daily laboratory tests, and new 
cases from Addis Ababa city.  
This study models fitting are agreed with similar studies from Indian and Kenya. The simple linear regression 
model was best to analyze the number of deaths as a function of the number of confirmed cases. In the model, the 
coefficient of determination was 0.997, which implies a strong linear correlation between confirmed and dead 
cases. Whereas, the quadratic model was the best fitting model for Region II from April 6th to May 2nd. And, 
another study from Kenya used the univariate analysis of the generalized linear model showed that contact persons 
in Kenya had 0.265 effects on COVID-19 cases in Kenya. In the multivariate analysis, the contact persons and flights 
to Kenya had 0.278 and 3,309 effects on COVID-19 cases in Kenya, respectively. And, the COVID-19 new cases 
were projected to 83,418 new cases if the COVID-19 days increased by 235 using the compound Poisson regression 
model (Chauhan et al. 2020; Odhiambo et al. 2020; Pasayat et al. 2020;  Sharma and Nigam 2020).  
 
Conclusions  
The researcher concluded that both COVID-19 new case and new deaths were correlated significantly with 
different COVID-19 related variables (like number of days, daily laboratory tests, new recoveries, and etc.). And, 
linear regression model was better fit for both COVID-19 new cases and new deaths as compared quadratic and 
cubic regression models. And, COVID-19 new cases was predicted significantly by the number of days, daily 
laboratory tests, and Addis Ababa city new cases in the multiple linear regression model. And, new death of 
COVID-19 was predicted significantly by the number of days, and new recoveries in the model.  
 
Recommendations 
The researcher recommended that government of Ethiopia, the country ministry of health and all regional 
governments (especially Addis Ababa city administrative and Somali region) should give more awareness and 
protections collaboratively for societies, and they should also open more COVID-19 laboratory testing centers in 
different areas of the country to test more persons as the number of days increases, and the number of new cases 
will be highly increased. With these preventive and curative measures, the severity of COVID-19 will be limited 
when compared to other countries, such as the USA, and South Africa, which are now leading in the number of 
new cases and deaths in the world and African countries. And, the researcher recommended that time series model 
will be included for future study. 
 
Limitations of the Study 
The main limitation of this study was that the study was based on only 30 days of COVID-19 new cases and new 
deaths data from 12th of May to 10th of June 2020 in Ethiopia. Second, limiting my analysis was that some data 
values were missed to report for 8 days (for the contact and travel history of the patients).  
 
Strengths of the Study 
Despite all the limitations, the greatest strength of this study was that the new findings were found that are three 
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predictors (number of days, daily laboratory tests, and Addis Ababa city new cases) for COVID-19 new cases and 
two predictors (number of days, and daily laboratories tests) for new deaths of COVID-19. And, other new findings 
in this study was both COVID-19 new cases and new deaths of COVID-19 have correlated significantly with the 
number of days, daily laboratory tests, Addis Ababa city new cases, new recoveries, and with other COVID-19 
related variables. Also, there was cross-validation with two different software programs (R and SPSS). Thus, all 
these findings were filled the gaps of other related studies mentioned above. 
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Figure 1. Curve estimation model for COVID-19 new cases by the number of days. 
 
 
Figure 2. Curve estimation model for COVID-19 new cases by daily laboratory tests. 
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Figure 3. Curve estimation model for COVID-19 new cases by new cases from AA city.  
 
 
Figure 4. Curve estimation model for new deaths of COVID-19 by the number of days. 
 
 
Figure 5. Curve estimation model for new deaths of COVID-19 by new cases. 
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Figure 6. Curve estimation model for new deaths of COVID-19 by new recovery. 
